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Abstract
The urinary excretion of hippuric acid and methylhippuric acid was studied in workers (233 subjects; 122 men and 111 women) exposed to toluene and xylenes in combination and in non-exposed con Xylenes (three isomers of o-, m-, and p-dimethylbenzenes) are common organic solvents; they are used in inks, thinners, and paints,'-" usually mixed with toluene.7 Because toluene and xylenes are oxidised at a methyl moiety then conjugated with glycine and excreted in urine as hippuric and methylhippuric acids respectively,8 9 a number of experimental studies have been conducted to investigate possible metabolic interaction between toluene and xylenes in humans. The studies are mostly experimental, with human volunteers. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] In our study, a large scale factory survey was carried out in China where xylenes are often used as industrial solvents.
Materials and methods

SUBJECTS AND EXPOSURE
Exposed workers were engaged in printing, painting, or production of plastic coated wire, and were exposed to toluene and xylenes in combination. The exposure to toluene was always below 90% of total exposure and that to xylenes (three isomers combined) below 70%. Air sample collection by personal diffusive sampling and collection of urine samples at the end of the shift from 233 exposed workers (122 men and 111 women) were conducted on the same day (the fourth or fifth day of a working week). Non-exposed controls were recruited from clerical sections of the same factories or factories of the same regions and 281 people (141 men and 140 women) volunteered. There were no significant differences in ages between the two sexes or between the exposed and the control groups.
In a medical interview, data on smoking and drinking were collected. Because no subjects smoked cigars or pipe tobacco, the intensity of smoking was expressed in terms of cigarettes smoked each day. The intensity of drinking was expressed in terms of alcohol consumed daily as previously described.'4 PERSONAL MONITORING OF EXPOSURE Air samples for the estimation of time weighted average exposure were collected with diffusive personal samplers. Solvents adsorbed on carbon cloth KF-1500 (a product of Toyobo Co, Osaka, Japan) were extracted with carbon disulphide and analysed by FID gas chromatography. '5-17 ANALYSIS OF URINE Exposed workers and non-exposed control workers were asked to pass urine at the fifth to sixth hour of a shift and urine samples were collected near the end of an eight hour shift. Samples were refrigerated immediately, transferred to the analytical laboratory, and kept frozen until analysed.
The method of Inoue et al 18 was used for the simultaneous determination of hippuric acid (HA) and three isomers of methylhippuric acids (MHAs). Creatinine concentration was measured by conventional methods of colorimetry and specific gravity of the urine was measured by refractometry. The HA and MHA concentrations were expressed without any correction, corrected for (table 1) .
The relation between the sum of the concentrations of toluene and three xylene isomers in air, and the sum of the concentrations of hippuric and methylhippuric acids in the total populations of men and women (exposed and non-exposed) was also examined (table 2, fig 1) . A statistically significant (p < 0 01) correlation was obtained regardless of correction for density of urine.
EFFECTS OF SMOKING AND DRINKING ON METABOLISM OF TOLUENE AND XYLENES IN COMBINATION
Because very few women smoked or drank in our study, only men (263 subjects) were selected for this analysis. Table 3 shows that the combined exposure to toluene and xylenes was similar in smokers and nonsmokers, and drinkers and non-drinkers. Regression analysis (table 4) shows that slopes were significantly (p < 0-01) less steep for the smokers or drinkers than for nonsmokers or non-drinkers, except for the slope Non-smokers and non-drinkers (94) Figure  2 shows the regression line for smokers and drinkers and non-smokers and non-drinkers. The reduction in the slope was significant (p < 0-01) regardless of correction for urine density, when the subjects were smokers and drinkers compared with non-drinkers and non-smokers (table 4).
Discussion
Our study has shown a linear relation between the concentrations of hippuric acid and methylhippuric acids in urine collected at the end of a workshift and the time weighted average intensity of exposure to toluene and xylenes during an 8 hour workshift even when the two solvents were inhaled in combination (table 3) . It must be pointed out that the geometric mean of toluene and xylene concentrations were-as -low as 2 to 3 ppm although some of the workers were exposed in excess of 200 ppm (table 1). The comparison of our study with previous studies on exposure to a single solvent (either toluene or xylenes)21 22 shows that the slopes of combined and separate exposures are similar.
In a human volunteer study, Jakubowski and Kostrzewski exposed four male volunteers for four hours to either m-xylene alone or in combination with other solvents including toluene; the amount of methylbenzoic acid (assumed to be derived chemically from m-methylhippuric acid) excreted in urine after exposure to m-xylene at 70 ppm was not affected by simultaneous exposure to toluene at either 45 ppm or 70 ppm."1 In a similar volunteer study, Dudek et al exposed one pair of male volunteers for four hours to either xylene (isomer unspecified but assumed to be m-xylene) at 100 ppm alone, toluene at 100 ppm alone, or a combination of xylene at 50 ppm and toluene at 50 ppm; there was no indication to suggest changes in the metabolism due to combined exposure. ' A key to the presence or absence of metabolic interactions seems to be the difference in doses. This hypothesis was discussed in a previous paper from this group27 in which no apparent metabolic interaction was found in 34 workers who were exposed to a mixture of toluene (7 ppm as the geometric mean), styrene (5 ppm), and methanol (16 ppm) at concentrations much lower than the current occupational exposure limits. The sum of the exposure to the three solvents when added together was 0.3.28 In fact, Tardiff et al recently exposed male volunteers repeatedly to a mixture of toluene and xylene vapour at a low (50 ppm toluene, 40 ppm xylenes (a mixture of o-(15%), m-(60%), and p-(25%) xylene, or the combination)) and a high level (95 ppm toluene, 80 ppm xylenes, or the combination), and found that whereas there was no evidence of metabolic interaction at the low level exposure, high level exposure affected solvent concentrations in blood and in exhaled air, and delayed the urinary excretion of HA (but not MHAs)."
No reports are available on the metabolic effects of smoking or drinking when exposed to toluene and xylenes, and their effects on toluene metabolism are still controversial.2>34 One of the major-problems is that smoking and drinking cannot be separated because smokers are usually drinkers (table 3) . It was found in our present study that the metabolism of toluene xylenes in combination was significantly suppressed when the subjects were smokers and drinkers. This is consistent with the findings in two earlier studies from this group, which show that the metabolism of toluene'4 and xylenes2' is suppressed in smoking and drinking subjects. In this context, it is interesting to note that there was no significant metabolic suppression among nondrinking smokers. This may suggest that the effect is due to drinking and not to smoking. It is not possible to draw any conclusion on this point from the present study, because the number of non-drinking smokers was not sufficient.
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